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Description 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  a  power  supply  apparatus 
for  a  vehicle  such  as  an  automobile.  More  particularly, 
it  relates  to  a  power  supply  apparatus  for  a  vehicle  which 
can  supply  power  at  two  different  voltages. 

Atypical  automotive  vehicle  is  equipped  with  a  pow- 
er  supply  apparatus  including  a  battery  and  an  alternat- 
ing  current  generator  (referred  to  as  an  alternator  for 
short)  which  can  provide  electrical  power  for  electric 
loads  in  the  vehicle  and  also  charge  the  battery.  Most 
commonly,  the  battery  voltage  is  approximately  12  volts. 
A  voltage  of  this  level  is  satisfactory  when  the  electrical 
load  is  relatively  small.  However,  in  recent  years,  the 
electrical  load  of  new  automobiles  has  been  steadily  in- 
creasing.  For  example,  the  demand  by  consumers  for 
increased  comfort  has  resulted  in  the  addition  of  devices 
such  as  electric  heaters  for  rapid  defrosting  of  wind- 
shields  or  heaters  for  rapid  heating  of  the  passenger 
compartments.  Furthermore,  the  need  to  reduce  ex- 
haust  emissions  has  resulted  in  the  addition  of  electrical 
devices  such  as  electric  heaters  for  catalysts.  All  of 
these  devices  contribute  to  an  increase  in  the  overall 
electrical  load. 

When  the  vehicle  power  supply  generates  a  low 
voltage  of  approximately  12  volts,  the  large  electrical 
load  causes  the  current  to  become  large,  resulting  in  re- 
sistance  damage  to  wiring  and  connectors  and  making 
it  difficult  to  control  the  electric  loads. 

Accordingly,  vehicle  power  supplies  capable  of  gen- 
erating  two  different  voltages  have  been  proposed.  In 
these  power  supplies,  a  high  voltage  is  generated  for 
loads  for  which  a  high  supply  voltage  is  advantageous, 
and  a  relatively  low  voltage,  such  as  1  2  volts,  is  gener- 
ated  for  other  loads,  such  as  electrical  lights  for  which 
a  relatively  low  voltage  is  desirable  in  order  to  maximize 
the  life  span  of  the  filaments. 

For  example,  Japanese  Published  Unexamined 
Patent  Application  No.  55-531  52  discloses  a  power  sup- 
ply  arrangement  for  a  vehicle  including  a  first  electrical 
generator  with  an  output  voltage  of  approximately  12 
volts  and  a  second  electrical  generator  with  a  higher  out- 
put  voltage.  However,  this  arrangement  has  the  draw- 
back  of  requiring  two  generators,  and  in  modern  vehi- 
cles,  the  engine  compartments  are  so  crowded  that  it  is 
difficult  to  find  room  to  install  an  additional  generator.  It 
has  the  further  drawback  that  the  second  generator  in- 
creases  the  load  on  the  engine  and  thereby  increases 
the  fuel  consumption  of  the  vehicle. 

Japanese  Published  Unexamined  Patent  Applica- 
tion  No.  63-69500  discloses  a  power  supply  apparatus 
in  which  the  alternating  current  output  from  a  three- 
phase  alternator  is  rectified  to  direct  current  and  sup- 
plied  to  low-voltage  loads,  or  else  the  alternating  current 
output  is  increased  in  voltage  by  a  three-phase  trans- 
former  and  then  rectified  to  a  high  voltage  direct  current 

for  supply  to  high-voltage  loads.  However,  this  appara- 
tus  has  the  disadvantages  of  requiring  a  three-phase 
transformer  and  a  rectifier  for  use  with  the  transformer, 
so  the  apparatus  becomes  expensive,  and  it  becomes 

5  difficult  to  guarantee  space  for  the  apparatus  within  the 
engine  compartment  of  a  vehicle. 

A  further  prior  art  that  is  of  interest  is  EP-A-0  137 
756  that  is  concerned  with  a  multivoltage  electrical  sys- 
tem  for  a  motor  vehicle  having  a  pair  of  1  2  volt  batteries 

10  connected  in  series  and  provided  with  tappings  such 
that  a  12  volt  and  24  volt  supply  can  be  derived  there- 
from. 

The  charging  of  these  batteries  is  such  that  by 
means  of  a  speed  trip  circuit  the  system  is  caused  to 

is  operate  in  the  1  2  volt  charging  mode  to  charge  only  the 
first  of  the  two  batteries  whenever  the  generator  rotor 
speed  is  below  a  predetermined  value.  When,  however, 
the  engine  and  generator  speed  exceed  a  predeter- 
mined  value  the  output  of  a  comparator  section  goes 

20  high,  biasing  a  transistor  to  cause  the  system  to  change 
to  a  24  volt  charging  mode  such  that  both  of  the  batteries 
are  charged  in  series. 

SUMMARY  OF  THE  INVENTION 
25 

It  is  an  object  of  the  present  invention  to  provide  a 
power  supply  apparatus  for  a  vehicle  which  can  gener- 
ate  electrical  power  at  two  different  voltages  but  which 
at  the  same  time  is  compact,  light-weight,  and  inexpen- 

30  sive. 
It  is  another  object  of  the  present  invention  to  pro- 

vide  a  power  supply  apparatus  which  can  effectively 
convert  the  inertia  of  a  vehicle  into  electrical  power  dur- 
ing  braking  of  the  vehicle. 

35  According  to  the  present  invention  a  power  supply 
apparatus  for  a  vehicle  comprises: 

an  alternator  having  an  armature  winding  and  a 
field  winding;  first  and  second  output  terminals  connect- 
ed  to  said  armature  winding;  a  first  battery;  a  switch  con- 

40  nected  between  said  first  output  terminal  and  the  posi- 
tive  terminal  of  the  first  battery  and  having  first  and  sec- 
ond  positions,  said  switch  serving  to  close  the  circuit  be- 
tween  said  first  battery  and  said  first  output  terminal 
when  the  switch  is  in  said  first  position  to  permit  said 

45  first  battery  to  be  charged  by  said  alternator  when  the 
rotational  speed  of  the  alternator  is  in  a  first  speed 
range. 

The  power  supply  apparatus  further  comprises  a 
second  battery  having  a  higher  voltage  than  said  first 

so  battery,  said  second  output  terminal  being  connected  to 
the  positive  terminal  of  said  second  battery  to  permit 
said  second  battery  to  be  charged  by  said  alternator 
when  the  rotational  speed  of  the  alternator  is  in  a  second 
speed  range  higher  than  said  first  speed  range. 

55  The  negative  terminal  of  said  first  and  second  bat- 
teries  are  connected  to  a  common  terminal;  and  switch 
control  means  causes  said  switch  to  be  in  said  first  po- 
sition  when  the  rotational  speed  of  said  alternator  is  in 

2 
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said  first  speed  range;  and  causes  said  switch  to  be  in 
said  second  position  when  said  alternator  is  in  said  sec- 
ond  speed  range. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  circuit  diagram  of  a  first  embodiment 
of  a  power  supply  apparatus  according  to  the  present 
invention. 

Figure  2  is  a  circuit  diagram  of  the  voltage  regulator 
8  of  Figure  1  . 

Figure  3  is  a  circuit  diagram  of  the  voltage  converter 
14  of  Figure  1  . 

Figure  4  is  a  graph  of  the  electrical  output  power  of 
the  alternator  of  Figure  1  as  a  function  of  rotational 
speed. 

Figure  5  is  a  circuit  diagram  of  a  second  embodi- 
ment  of  a  power  supply  apparatus  according  to  the 
present  invention. 

Figure  6  is  a  circuit  diagram  of  a  third  embodiment 
of  a  power  supply  apparatus  according  to  the  present 
invention. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

A  number  of  preferred  embodiments  of  a  power 
supply  apparatus  according  to  the  present  invention  will 
now  be  described  while  referring  to  the  accompanying 
drawings,  Figure  1  of  which  is  a  circuit  diagram  of  a  first 
embodiment.  This  embodiment  includes  a  three-phase 
alternator  1  which  is  driven  by  an  unillustrated  engine  of 
a  vehicle  such  as  an  automobile.  The  alternator  1  in- 
cludes  armature  windings  2  mounted  on  the  stator  of  the 
alternator  1  and  a  field  winding  3  mounted  on  the  rotor 
of  the  alternator  1.  The  armature  windings  2  are  con- 
nected  to  a  first  rectifier  4  and  a  second  rectifier  5  con- 
nected  in  parallel  with  the  first  rectifier  4.  Both  rectifiers 
4  and  5  perform  full-wave  rectification  of  the  alternating 
current  output  of  the  armature  windings  2.  The  first  and 
second  rectifiers  4  and  5  are  of  conventional  structure 
and  comprise  diodes  4a  -  4f  and  5a  -  5c.  It  can  be  seen 
that  the  two  rectifiers  share  a  common  set  of  diodes  (di- 
odes  4d  -  4f),  but  a  different  arrangement  is  possible, 
such  as  one  in  which  each  rectifier  comprises  6  diodes. 
The  first  rectifier  4  has  a  first  output  terminal  6  and  the 
second  rectifier  5  has  a  second  output  terminal  7.  The 
rectifiers  4  and  5  can  be  built  into  the  alternator  1  or  can 
be  separate  elements. 

The  output  voltage  of  the  alternator  1  and  therefore 
the  voltage  at  the  output  terminals  6  and  7  is  controlled 
by  a  voltage  regulator  8,  which  adjusts  the  current 
through  the  field  winding  3.  The  voltage  regulator  8  has 
a  first  terminal  8a  connected  to  one  end  of  the  field  wind- 
ing  3,  a  second  terminal  8b  connected  to  the  other  end 
of  the  field  winding  3,  a  third  terminal  8c  connected  to 
the  second  output  terminal  7  of  the  second  rectifier  5, 
and  a  fourth  terminal  8d  which  is  grounded. 

The  first  output  terminal  6  is  connected  to  the  pos- 
itive  terminal  of  a  first  battery  10  through  an  electrical 
switching  element  in  the  form  of  a  switch  15,  and  the 
negative  terminal  of  the  battery  10  is  connected  to  ter- 

5  minal  8d  of  the  voltage  regulator  8.  The  first  battery  10 
has  a  relatively  low  voltage,  such  as  12  volts,  and  pro- 
vides  electrical  power  for  a  low  voltage  load  11  connect- 
ed  in  parallel  with  the  first  battery  10.  The  low  voltage 
load  11  can  be  any  of  the  electrical  equipment  of  the 

10  vehicle,  such  as  lights,  for  which  a  supply  voltage  on  the 
order  of  12  volts  is  suitable. 

The  second  output  terminal  7  of  the  second  rectifier 
5  is  connected  to  the  positive  terminal  of  a  second  bat- 
tery  12,  the  negative  terminal  of  which  is  connected  to 

is  terminal  8d  of  the  voltage  regulator  8.  The  second  bat- 
tery  12  generates  a  higher  voltage  than  the  first  battery 
1  0,  such  as  24  volts,  and  provides  power  to  a  high  volt- 
age  load  13  connected  in  parallel  with  the  second  bat- 
tery  1  2.  The  high  voltage  load  1  3  can  be  any  of  the  elec- 

20  trical  equipment  of  the  vehicle  for  which  a  relatively  high 
voltage  on  the  order  of  24  volts  is  suitable. 

The  voltages  of  the  first  and  second  batteries  10 
and  12  are  not  restricted  to  any  particular  values,  such 
as  12  and  24  volts,  and  can  be  selected  in  accordance 

25  with  the  requirements  of  the  equipment  to  be  powered 
by  the  batteries. 

A  voltage  converter  14  is  connected  between  the 
second  rectifier  5  and  the  first  battery  1  0.  It  has  an  input 
terminal  1  4a  connected  to  the  second  output  terminal  7, 

30  a  ground  terminal  14b  connected  to  terminal  8d  of  the 
voltage  regulator  8,  and  an  output  terminal  1  4c  connect- 
ed  to  the  positive  terminal  of  the  first  battery  10.  The 
voltage  converter  14  reduces  the  input  voltage  applied 
to  terminal  14a  and  applies  the  reduced  voltage  to  the 

35  first  battery  10  from  output  terminal  14c.  In  this  embod- 
iment,  the  output  voltage  of  the  voltage  converter  14  is 
roughly  one-half  the  input  voltage. 

The  switch  15  is  opened  and  closed  by  a  controller 
20  based  on  the  rotational  speed  of  the  alternator  1  .  The 

40  switch  15  is  closed  below  a  predetermined  rotational 
speed  and  opened  above  the  predetermined  rotational 
speed. 

The  structure  of  the  switch  1  5  and  the  controller  20 
is  not  critical,  and  any  form  of  switching  element  can  be 

45  employed  for  the  switch  1  5.  For  example,  the  switch  1  5 
could  be  a  magnetic  contactor  operated  by  a  control  sig- 
nal  from  the  controller  20,  and  the  controller  20  could  be 
an  electronic  device  which  determines  the  rotational 
speed  of  the  alternator  1  ,  either  by  directly  sensing  the 

so  rotation  of  the  alternator  1  or  some  portion  of  the  engine, 
or  by  receiving  an  input  signal  from  an  unillustrated  ro- 
tation  sensor.  Alternatively,  the  controller  20  could  be  a 
mechanical  device  which  mechanically  switches  the 
switch  1  5  when  centrifugal  force  acting  on  the  controller 

55  20  due  to  rotation  of  the  alternator  1  exceeds  a  pre- 
scribed  level. 

The  voltage  regulator  8  need  not  have  any  particu- 
lar  structure  and  can  be  of  conventional  design.  Figure 
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2  illustrates  an  example  of  a  circuit  which  can  be  em- 
ployed  as  the  voltage  regulator  8.  It  includes  a  power 
transistor  80  having  a  collector  connected  to  terminal 
8a,  an  emitter  connected  to  terminal  8d,  and  a  base  con- 
nected  to  terminal  8b  through  a  base  resistor  81  .  A  con- 
trol  transistor  82  has  a  collector  connected  to  the  base 
of  power  transistor  80  and  an  emitter  connected  to  ter- 
minal  8d.  The  control  transistor  82  switches  the  power 
transistor  80  on  and  off.  The  anode  of  a  Zener  diode  83 
is  connected  to  the  base  of  control  transistor  82.  When 
the  Zener  diode  83  is  in  reverse  breakdown,  it  drives  the 
control  transistor  82.  A  first  pair  of  voltage  dividing  re- 
sistors  84  and  85  are  connected  in  series  between  ter- 
minal  8b  and  8d,  and  a  second  pair  of  voltage  dividing 
resistors  86  and  87  are  connected  in  series  between  ter- 
minals  8c  and  8d.  The  first  voltage  dividing  resistors  84 
and  85  are  selected  so  that  the  voltage  at  terminal  8b 
will  be  a  first  regulated  value  (such  as  14.5  volts),  and 
the  second  voltage  dividing  resistors  86  and  87  are  se- 
lected  so  that  the  voltage  at  terminal  8c  will  be  a  second 
regulated  value  (such  as  28.5  volts)  which  is  higher  than 
the  first  regulated  value.  The  first  and  second  regulated 
values  are  not  restricted  to  any  particular  ones,  but  the 
first  regulated  value  is  chosen  to  be  higher  than  the  volt- 
age  of  the  first  battery  10  and  lower  than  the  voltage  of 
the  second  battery  12,  and  the  second  regulated  value 
is  chosen  to  be  higher  than  the  voltage  of  the  second 
battery  12.  A  diode  88  for  preventing  reverse  current 
flow  has  its  anode  connected  to  the  junction  of  resistors 
84  and  85  and  its  cathode  connected  to  the  cathode  of 
the  Zener  diode  83.  Another  diode  89  for  preventing  re- 
verse  current  flow  has  its  anode  connected  to  the  junc- 
tion  of  resistors  86  and  87  and  its  cathode  connected  to 
the  cathode  of  the  Zener  diode  83.  A  suppression  diode 
90  has  its  anode  connected  to  terminal  8a  and  its  cath- 
ode  connected  to  terminal  8b  such  that  it  is  connected 
in  parallel  with  the  field  winding  3. 

The  voltage  converter  14  can  be  any  device  capa- 
ble  of  reducing  the  voltage  at  the  second  output  terminal 
7  to  a  prescribed  level.  Figure  3  is  a  circuit  diagram  il- 
lustrating  an  example  of  a  circuit  which  can  be  used  as 
the  voltage  converter  1  4.  It  includes  a  switching  transis- 
tor  140  having  a  collector  connected  to  input  terminal 
14a  and  an  emitter  connected  to  output  terminal  14c 
through  a  smoothing  choke  coil  1  41  .  The  switching  tran- 
sistor  1  40  is  switched  on  and  off  by  a  signal  supplied  to 
its  base  by  a  drive  circuit  145.  A  smoothing  capacitor 
142  is  connected  between  output  terminal  14c  and 
ground  terminal  14b.  A  suppression  diode  143  has  its 
anode  connected  to  terminal  14b  and  its  cathode  con- 
nected  to  the  emitter  of  the  switching  transistor  140.  A 
resistor  1  44  for  sensing  the  output  voltage  at  the  output 
terminal  14c  is  connected  between  an  input  terminal  of 
the  drive  circuit  1  45  and  the  output  terminal  1  4c.  Based 
on  the  output  voltage  sensed  by  the  resistor  144,  the 
drive  circuit  145  generates  a  square  wave  which  con- 
trols  the  duty  cycle  of  the  switching  transistor  140  so  as 
to  obtain  a  constant  output  voltage  at  the  output  terminal 

14c.  The  output  of  the  switching  transistor  140  in  the 
form  of  a  square  wave  is  smoothed  and  decreased  in 
voltage  by  the  choke  coil  141  and  the  capacitor  142,  and 
the  smoothed  output  voltage  is  applied  to  the  drive  cir- 

5  cuit  1  45  through  the  resistor  1  44  as  a  feedback  signal. 
The  operation  of  the  embodiment  of  Figure  1  will  be 

explained  while  referring  to  Figure  4,  which  illustrates 
the  electrical  output  power  of  the  alternator  1  as  a  func- 
tion  of  rotational  speed  for  two  different  output  voltages. 

10  When  switch  1  5  is  closed,  the  voltage  generated  by  the 
alternator  1  as  it  is  driven  by  the  engine  of  the  vehicle 
will  be  such  that  the  voltage  of  the  first  output  terminal 
6  is  the  first  regulated  value  (14.5  volts),  which  is  suita- 
ble  for  charging  the  first  battery  1  0.  At  this  time,  there  is 

is  no  electrical  output  from  the  second  output  terminal  7, 
because  even  though  the  output  voltages  of  the  first  out- 
put  terminal  6  and  the  second  output  terminal  7  are  the 
same,  the  higher  voltage  of  the  second  battery  1  2  is  ap- 
plied  to  the  second  output  terminal  7,  so  the  output  cur- 

20  rent  from  the  second  output  terminal  7  is  zero.  At  this 
time,  the  voltage  regulator  8  compares  the  voltage  at 
the  junction  of  the  first  voltage  dividing  resistors  84  and 
85  with  the  reverse  breakdown  voltage  of  the  Zener  di- 
ode  83.  When  the  voltage  at  the  junction  of  resistors  84 

25  and  85  is  higher  than  the  reverse  breakdown  voltage, 
the  Zener  diode  83  is  turned  on,  the  control  transistor 
82  is  turned  on,  and  the  power  transistor  80  is  turned 
off,  thereby  stopping  the  flow  of  current  through  the  field 
winding  3.  When  the  voltage  at  the  junction  of  resistors 

30  84  and  85  is  lower  than  the  reverse  breakdown  voltage, 
the  Zener  diode  83  is  turned  off,  control  transistor  82  is 
turned  off,  and  power  transistor  80  is  turned  on  to  allow 
current  to  flow  through  the  field  winding  3.  The  first  volt- 
age  dividing  resistors  84  and  85  are  selected  so  that  the 

35  voltage  at  the  junction  thereof  will  equal  the  reverse 
breakdown  voltage  of  the  Zener  diode  83  when  the  volt- 
age  at  terminal  8b  equals  the  first  regulated  value  of  1  4.5 
volts,  whereby  the  output  voltage  of  the  output  terminals 
6  and  7  is  maintained  at  the  first  regulated  value. 

40  The  voltage  at  the  positive  terminal  of  the  second 
battery  1  2  is  applied  to  the  input  terminal  1  4a  of  the  volt- 
age  converter  14.  However,  the  structure  of  the  voltage 
converter  1  4  is  such  that  at  this  time,  the  output  voltage 
of  the  output  terminal  14c  is  lower  than  the  voltage  of 

45  the  first  battery  1  0,  so  no  electric  power  is  supplied  from 
the  voltage  convert  14. 

When  the  rotational  speed  of  the  alternator  1  reach- 
es  a  prescribed  value,  the  controller  20  opens  the  switch 
15.  As  a  result,  terminal  8b  of  the  voltage  regulator  8  is 

so  cut  off  from  the  first  output  terminal  6,  and  only  the  volt- 
age  (12  volts)  of  the  first  battery  1  0,  which  is  lower  than 
the  first  regulated  value  (1  4.5  volts),  is  applied  to  termi- 
nal  8b.  Therefore,  the  voltage  at  the  junction  of  resistors 
84  and  85  falls  below  the  reverse  breakdown  voltage  of 

55  the  Zener  diode  83.  The  Zener  diode  83  stops  being 
driven,  the  control  transistor  82  is  turned  off,  and  the 
power  transistor  80  is  maintained  in  an  on  state,  so  the 
output  voltage  of  the  alternator  1  rises,  and  the  voltage 
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at  output  terminals  6  and  7  rises  above  the  first  regulated 
value  of  14.5  volts. 

The  output  voltage  of  the  second  output  terminal  7 
is  applied  to  terminal  8c  of  the  voltage  regulator  8.  Re- 
sistors  86  and  87  are  selected  such  that  the  voltage  at  s 
their  junction  will  equal  the  reverse  breakdown  voltage 
of  the  Zener  diode  83  when  the  voltage  at  terminal  8c 
equals  the  second  regulated  value  of  28.5  volts.  There- 
fore,  the  output  voltage  of  the  alternator  1  will  rise  until 
the  voltage  at  the  second  output  terminal  7  reaches  the  10 
second  regulated  value,  and  the  voltage  at  the  second 
output  terminal  7  will  be  maintained  at  that  voltage  by 
the  operation  of  the  voltage  regulator  8  as  long  as  the 
switch  15  remains  open. 

The  output  voltage  of  the  second  output  terminal  7  15 
is  applied  to  the  second  battery  12  and  the  high  voltage 
load  13.  As  the  second  regulated  value  is  somewhat 
higher  than  the  voltage  of  the  second  battery  1  2,  the  al- 
ternator  1  can  charge  the  second  battery  12  when  the 
switch  15  is  open.  20 

The  output  voltage  of  the  second  output  terminal  7 
is  also  applied  to  the  input  terminal  14a  of  the  voltage 
converter  14.  The  voltage  converter  14  reduces  this  in- 
put  voltage  from  the  second  regulated  value  of  28.5  volts 
to  a  voltage  such  as  1  4.0  volts  which  is  higher  than  the  25 
voltage  of  the  first  battery  10  (12  volts)  but  lower  than 
the  first  regulated  value  (1  4.5  volts)  and  applies  this  volt- 
age  to  the  first  battery  10  and  the  low  voltage  load  11 
from  the  output  terminal  14c.  Thus,  the  output  voltage 
from  the  converter  14  can  charge  the  first  battery  10  30 
without  interfering  with  the  operation  of  the  voltage  reg- 
ulator  8,  which  can  continue  to  maintain  the  output  volt- 
age  of  the  second  output  terminal  7  at  the  second  reg- 
ulated  value  of  28.5  volts. 

Figure  4  shows  the  relationship  between  the  output  35 
power  of  the  alternator  1  and  its  rotational  speed  for  an 
output  voltage  of  14.5  volts  (shown  by  curve  I)  and  28.5 
volts  (shown  by  curve  II).  At  a  rotational  speed  above 
point  A  where  the  two  curves  intersect,  the  higher  output 
voltage  yields  a  higher  generated  power.  This  is  be-  40 
cause  in  this  type  of  alternator  1,  the  output  current  at 
high  speed  operation  saturates  due  to  the  size  of  the 
reaction  magnetomotive  force  of  the  armature,  while  the 
output  current  does  not  depend  on  the  output  voltage. 
Thus,  at  high  rotational  speeds,  the  output  power  (the  45 
product  of  the  voltage  and  the  current)  at  an  output  volt- 
age  of  28.5  volts  is  approximately  two  times  the  output 
power  at  an  output  voltage  of  14.5  volts.  However,  as 
shown  in  Figure  4,  in  a  low  rotational  speed  region  below 
point  A,  due  to  the  magnetic  flux  required  to  maintain  so 
the  output  voltage,  a  higher  output  power  is  obtained  at 
an  output  voltage  of  14.5  volts  than  at  28.5  volts.  The 
vehicle  engine  which  drives  the  alternator  1  has  a  wide 
rotational  speed  range  (from  700  rpm  at  idling  up  to  6000 
rpm,  for  example),  so  an  alternator  is  generally  designed  55 
such  that  at  an  output  voltage  of  1  4.5  volts,  it  will  provide 
adequate  output  power  for  the  vehicle  even  when  rotat- 
ing  at  a  speed  (shown  by  point  B  in  Figure  4)  corre- 

sponding  to  idling  of  the  engine. 
The  controller  20  opens  the  switch  15  when  the  ro- 

tational  speed  of  the  alternator  1  is  greater  than  or  equal 
to  the  speed  at  point  A  in  Figure  4  and  closes  the  switch 
15  when  the  rotational  speed  falls  below  the  speed  at 
point  A,  and  the  output  voltage  of  the  output  terminals 
6  and  7  is  switched  between  the  first  regulated  value  of 
14.5  volts  and  the  second  regulated  value  of  28.5  volts 
at  the  rotational  speed  corresponding  to  point  A. 

From  the  preceding  description  of  the  embodiment 
of  Figure  1  ,  it  can  be  seen  that  a  power  supply  apparatus 
according  to  the  present  invention  can  generate  two  dif- 
ferent  output  voltages  using  only  a  single  alternator. 
Since  it  requires  only  one  alternator,  the  apparatus  can 
be  inexpensive,  it  can  be  light  in  weight  and  therefore 
not  affect  the  fuel  efficiency  of  a  vehicle,  and  it  can  be 
compact,  allowing  it  to  be  easily  installed  in  an  engine 
compartment.  Furthermore,  as  the  output  voltage  of  the 
alternator  1  is  varied  in  accordance  with  the  rotational 
speed  of  the  alternator  1  ,  the  power  generated  by  the 
alternator  1  can  be  greatly  increased  at  high  rotational 
speeds  compared  to  an  alternator  always  operated  at  a 
low  output  voltage. 

In  addition  to  controlling  the  switch  15  in  accord- 
ance  with  the  rotational  speed  of  the  alternator  1  ,  the 
controller  20  may  also  be  constructed  so  as  to  open  the 
switch  15  during  braking  of  the  vehicle.  As  a  result,  loss 
energy  of  the  vehicle  can  be  efficiently  recovered  as  an 
electrical  power  source.  Thus,  in  addition  to  the  above- 
described  increase  in  the  output  power  of  alternator  1 
due  to  a  high  output  voltage,  the  loss  energy  of  the  ve- 
hicle  is  recovered  in  the  first  battery  10  and  the  second 
battery  12.  Braking  of  the  vehicle  refers  to  the  state  in 
which  the  inertia  of  the  vehicle  is  transmitted  in  reverse 
from  the  wheels  to  the  engine.  The  amount  depends  up- 
on  the  operating  conditions,  but  in  general,  on  average, 
it  is  expected  to  be  about  15%  of  the  operating  time  of 
the  vehicle. 

Figure  5  illustrates  another  embodiment  of  the 
present  invention.  The  overall  structure  of  this  embodi- 
ment  is  similar  to  that  of  the  embodiment  of  Figure  1, 
and  an  explanation  of  parts  already  described  with  re- 
spect  to  Figure  1  will  be  omitted.  In  this  embodiment, 
the  converter  14  of  Figure  1  is  omitted,  and  the  second 
output  terminal  7  is  not  connected  to  the  first  battery  1  0 
or  the  low  voltage  load  11.  The  switch  15  of  Figure  1  is 
replaced  by  a  switch  1  6  having  terminals  1  6a  -  1  6c.  Ter- 
minal  16a  is  connected  to  the  first  battery  10,  the  low 
voltage  load  1  1  ,  one  end  of  the  field  winding  3,  and  ter- 
minal  8b  of  the  voltage  regulator  8.  Terminal  1  6b  is  con- 
nected  to  the  first  output  terminal  6  of  the  first  rectifier 
4.  Terminal  16c  is  connected  to  a  third  output  terminal 
9,  which  is  connected  to  a  point  on  the  armature  wind- 
ings  2  at  which  the  voltage  is  one-half  the  output  voltage 
of  the  alternator  1,  i.e.,  one  half  the  voltage  at  output 
terminals  6  and  7.  In  this  embodiment,  the  three-phase 
armature  windings  2  are  connected  to  one  another  by  a 
Y-connection,  and  the  third  output  terminal  9  is  connect- 
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ed  to  the  node  of  the  Y-connection.  The  switch  16  has 
a  movable  contact  16d  which  is  controlled  by  the  con- 
troller  20  to  switch  between  a  position  in  which  it  con- 
nects  terminal  16a  with  terminal  16b,  and  another  posi- 
tion  in  which  it  connects  terminal  16a  with  terminal  16c. 
As  in  the  embodiment  of  Figure  1  ,  the  controller  20  con- 
trols  the  switch  16  in  accordance  with  the  rotational 
speed  of  the  alternator  1  .  When  the  rotational  speed  is 
below  that  corresponding  to  point  A  in  Figure  4,  the  mov- 
able  contact  1  6d  is  connected  to  terminal  1  6b,  and  when 
the  rotational  speed  is  greater  than  or  equal  to  that  cor- 
responding  to  point  A,  the  movable  contact  16d  is  con- 
nected  to  terminal  16c. 

The  voltage  regulator  8  may  have  a  structure  like 
that  illustrated  in  Figure  2.  When  the  movable  contact 
16d  of  the  switch  16  is  connected  to  terminal  16b,  the 
voltage  regulator  8  maintains  the  output  voltage  of  the 
alternator  1  such  that  the  voltage  at  the  first  output  ter- 
minal  6  is  the  first  regulated  value,  such  as  14.5  volts, 
and  when  the  movable  contact  16d  is  connected  to  ter- 
minal  16c,  the  voltage  regulator  8  maintains  the  output 
voltage  of  the  alternator  1  such  that  the  voltage  at  the 
second  output  terminal  7  is  the  second  regulated  value, 
such  as  28.5  volts. 

The  operation  of  the  embodiment  of  Figure  5  is  as 
follows.  When  the  rotational  speed  of  the  alternator  1  is 
below  a  value  corresponding  to  point  A  in  Figure  4,  the 
controller  20  controls  the  switch  16  so  that  the  movable 
contact  16d  is  connected  to  terminal  16b,  and  the  output 
voltage  of  the  first  output  terminal  6  is  applied  to  terminal 
8b  of  the  voltage  regulator  8.  As  a  result,  in  the  same 
manner  as  in  the  first  embodiment,  the  voltage  regulator 
8  controls  the  current  flowing  through  the  field  winding 
3  of  the  alternator  1  so  that  the  output  voltage  at  the  first 
output  terminal  6  will  be  the  first  regulated  value  of  1  4.5 
volts. 

When  the  rotational  speed  of  the  alternator  1  reach- 
es  a  value  corresponding  to  point  A  in  Figure  4,  the  con- 
troller  20  switches  the  movable  contact  16d  so  that  it  is 
connected  to  terminal  1  6c,  thereby  connecting  terminal 
8b  of  the  voltage  regulator  8  to  the  third  output  terminal 
9.  The  third  output  terminal  9  is  connected  to  the  node 
of  the  Y-connected  armature  windings  2,  so  the  voltage 
of  the  third  output  terminal  9  is  only  half  the  voltage  at 
the  first  output  terminal  6.  When  the  voltage  of  the  third 
output  terminal  9  is  applied  to  terminal  8b,  the  voltage 
regulator  8  allows  the  output  voltage  of  the  alternator  1 
to  rise  until  the  output  voltage  of  the  second  output  ter- 
minal  7,  which  is  applied  to  terminal  8c  of  the  voltage 
regulator  8,  reaches  the  second  regulated  value  of  28.5 
volts.  The  voltage  regulator  8  then  controls  the  current 
in  the  field  winding  3  so  as  to  maintain  the  output  voltage 
at  the  second  output  terminal  7  at  the  second  regulated 
value.  The  output  voltage  of  the  second  output  terminal 
7  is  applied  to  the  second  battery  1  2  to  charge  it.  At  the 
same  time,  the  output  voltage  of  the  third  output  terminal 
9  is  applied  to  the  first  battery  10.  This  voltage  is  one- 
half  the  voltage  at  the  second  output  terminal  7,  i.e.,  it 

is  one-half  the  second  regulated  value  of  28.5  volts  or 
14.25  volts,  so  it  is  a  suitable  level  for  recharging  the 
first  battery  10. 

Thus,  like  the  embodiment  of  Figure  1  ,  this  embod- 
5  iment  can  generate  two  output  voltages  using  only  a  sin- 

gle  alternator,  and  it  can  increase  the  output  power  of 
the  alternator  in  a  high  speed  range  by  increasing  its 
output  voltage.  Thus,  it  provides  the  same  benefits  as 
the  embodiment  of  Figure  1,  and  it  has  the  further  ad- 

10  vantage  that  it  does  not  require  a  voltage  converter  to 
provide  a  voltage  for  charging  the  first  battery  10  when 
the  alternator  is  operating  at  a  high  output  voltage. 

In  the  embodiment  of  Figure  5,  the  switch  16  is  op- 
erated  in  accordance  with  the  rotational  speed  of  the  al- 

15  ternator  1  .  However,  alternatively,  the  movable  contact 
1  6d  of  the  switch  1  6  can  be  switched  according  to  time 
so  that  the  second  battery  12  is  suitably  charged,  and 
switching  control  can  be  performed  in  accordance  with 
the  distribution  of  the  required  electrical  power  of  the 

20  high  voltage  side  and  the  low  voltage  side. 
Figure  6  illustrates  another  embodiment  of  the 

present  invention.  This  embodiment  is  different  from  the 
previous  embodiment  only  with  respect  to  the  manner 
of  connecting  the  third  terminal  9  to  the  armature  wind- 

25  ings  2.  In  this  embodiment,  the  third  terminal  9  is  con- 
nected  to  the  output  end  of  any  one  of  the  three  armature 
windings  2.  It  does  not  matter  to  which  phase  the  third 
terminal  9  is  connected.  This  manner  of  connection  be- 
tween  the  third  terminal  9  and  the  armature  windings  2 

30  is  easier  than  the  manner  employed  in  the  embodiment 
of  Figure  5.  It  has  the  drawback  that  the  ripple  factor  of 
the  direct  current  from  the  third  output  terminal  9  is  in- 
creased,  but  the  average  voltage  at  the  third  output  ter- 
minal  9  is  one-half  the  output  voltage  at  the  second  out- 

35  put  terminal  7  and  so  is  suitable  for  charging  the  first 
battery  10.  The  operation  of  this  embodiment  is  the 
same  as  that  of  the  embodiment  of  Figure  5,  and  it  pro- 
vides  the  same  advantages. 

40 
Claims 

1  .  A  power  supply  apparatus  for  a  vehicle  comprising: 

45  an  alternator  (1  )  having  an  armature  winding  (2) 
and  a  field  winding  (3); 
first  and  second  output  terminals  (6,  7)  connect- 
ed  to  the  armature  winding  (2); 
a  first  battery  (10); 

so  a  switch  (15,  16)  connected  between  said  first 
output  terminal  (6)  and  the  positive  terminal  of 
the  first  battery  (10)  and  having  first  and  second 
positions,  said  switch  serving  to  close  the  cir- 
cuit  between  said  first  battery  (10)  and  said  first 

55  output  terminal  (6)  when  the  switch  is  in  said 
first  position  to  permit  said  first  battery  (10)  to 
be  charged  by  said  alternator  (1)  when  the  ro- 
tational  speed  of  the  alternator  is  in  a  first  speed 

6 



11 EP  0  539  982  B1 12 

range; 
a  second  battery  (12)  having  a  higher  voltage 
than  said  first  battery  (10),  said  second  output 
terminal  (7)  being  connected  to  the  positive  ter- 
minal  of  said  second  battery  to  permit  said  sec-  s 
ond  battery  to  be  charged  by  said  alternator  (1  ) 
when  the  rotational  speed  of  the  alternator  is  in 
a  second  speed  range  higher  than  said  first 
speed  range; 
the  negative  terminal  of  said  first  and  second  10 
batteries  being  connected  to  a  common  termi- 
nal; 
and  switch  control  means  (20)  for  causing  said 
switch  (15,  16)  to  be  in  said  first  position  when 
the  rotational  speed  of  said  alternator  is  in  said  15 
first  speed  range;  and  for  causing  said  switch 
(15,  1  6)  to  be  in  said  second  position  when  said 
alternator  is  in  said  second  speed  range. 

2.  A  power  supply  apparatus  as  claimed  in  Claim  1  fur-  20 
ther  comprising  voltage  regulating  means  (8)  for 
controlling  the  alternator  (1  )  to  maintain  the  voltage 
at  the  output  terminals  at  a  first  voltage  higher  than 
the  voltage  of  the  first  battery  (10)  and  lower  than 
the  voltage  of  the  second  battery  (12)  when  the  25 
switch  (15,  16)  is  in  its  first  position  and  maintain 
the  voltage  at  the  output  terminals  at  a  second  volt- 
age  higher  than  the  voltage  of  the  second  battery 
when  the  switch  is  in  its  second  position. 

30 
3.  A  power  supply  apparatus  as  claimed  in  Claim  2 

wherein  the  switch  (1  5)  is  closed  in  the  first  position 
and  is  open  in  the  second  position. 

4.  A  power  supply  apparatus  as  claimed  in  Claim  2  fur-  35 
ther  comprising  voltage  converting  means  (14)  con- 
nected  between  the  second  output  terminal  (7)  and 
the  first  battery  (10)  for  converting  the  voltage  at  the 
second  output  terminal  (7)  to  a  lower  voltage  suita- 
ble  for  charging  the  first  battery  (1  0).  40 

5.  A  power  supply  apparatus  as  claimed  in  Claim  2 
wherein  the  controller  (20)  comprises  means  for 
setting  the  switch  (1  5)  to  the  second  position  when 
the  vehicle  is  braking.  45 

6.  A  power  supply  apparatus  as  claimed  in  Claim  2  fur- 
ther  comprising  a  third  terminal  (9)  connected  to  the 
armature  winding  (2)  at  a  point  having  a  voltage  low- 
er  than  the  voltage  at  the  first  or  second  output  ter-  so 
minals  (6,  7)  the  arrangement  being  such  that  the 
first  output  terminal  (6)  is  connected  by  the  switch 
(1  6)  to  the  first  battery  (10)  when  the  switch  (16)  is 
in  its  first  position  and  the  third  output  terminal  (9) 
is  connected  by  the  switch  (16)  to  the  first  battery  55 
(10)  when  the  switch  (16)  is  in  its  second  position. 

7.  A  power  supply  apparatus  as  claimed  in  Claim  6 

wherein  the  alternator  is  a  three-phase  alternator 
having  first  through  third  armature  windings,  each 
armature  winding  having  a  first  end  and  a  second 
end,  the  three  armature  windings  being  connected 
together  at  their  first  ends  to  form  a  Y-connection, 
the  third  terminal  (9)  being  connected  to  said  first 
ends  of  the  armature  windings  (2). 

8.  A  power  supply  apparatus  as  claimed  in  Claim  6 
wherein  the  alternator  (2)  is  a  three-phase  alterna- 
tor  having  first  through  third  armature  windings, 
each  armature  winding  having  a  first  end  and  a  sec- 
ond  end,  the  three  armature  windings  being  con- 
nected  together  at  their  first  ends  to  form  a  Y-con- 
nection,  the  third  terminal  (9)  being  connected  to  the 
second  end  of  one  of  the  armature  windings. 

Patentanspriiche 

1.  Stromversorgungsvorrichtung  fur  ein  Fahrzeug, 
versehen  mit: 

einem  Generator  (1),  der  eine  Ankerwicklung 
(2)  und  eine  Erregerwicklung  (3)  besitzt; 

ersten  und  zweiten  Ausgangen  (6,  7),  die  mit 
der  Ankerwicklung  (2)  verbunden  sind; 

einer  ersten  Batterie  (10); 

einem  Schalter  (15,  16),  der  zwischen  dem  er- 
sten  Ausgang  (6)  und  dem  positiven  Pol  der  er- 
sten  Batterie  (10)  angeschlossen  ist  und  erste 
und  zweite  Positionen  besitzt,  wobei  der  Schal- 
ter  zum  SchlieBen  des  Schaltkreises  zwischen 
der  ersten  Batterie  (10)  und  dem  ersten  Aus- 
gang  (6)  dient,  wenn  der  Schalter  in  der  ersten 
Position  ist,  urn  zu  erlauben,  dal3  die  erste  Bat- 
terie  (10)  durch  den  Generator  (1)  geladen 
wird,  wenn  die  Drehgeschwindigkeit  des  Gene- 
rators  in  einem  ersten  Geschwindigkeitsbe- 
reich  liegt; 

einer  zweiten  Batterie  (12),  die  eine  hohere 
Spannung  als  die  erste  Batterie  (10)  aufweist, 
wobei  der  zweite  Ausgang  (7)  mit  dem  positi- 
ven  Pol  der  zweiten  Batterie  verbunden  ist,  urn 
der  zweiten  Batterie  zu  erlauben,  durch  den 
Generator  (1  )  aufgeladen  zu  werden,  wenn  die 
Drehgeschwindigkeit  des  Generators  in  einem 
zweiten  Geschwindigkeitsbereich  liegt,  der  ho- 
her  ist  als  der  erste  Geschwindigkeitsbereich; 

wobei  die  negativen  Pole  der  ersten  und  zwei- 
ten  Batterien  mit  einem  gemeinsamen  An- 
schluB  verbunden  sind; 
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und  einem  Schaltkontrollmittel  (20)  zum  Bewir- 
ken,  da(3  der  Schalter  (15,  1  6)  in  der  ersten  Po- 
sition  ist,  wenn  die  Drehgeschwindigkeit  des 
Generators  in  dem  ersten  Geschwindigkeitsbe- 
reich  liegt;  und  zum  Bewirken,  dal3  der  Schalter  s 
(15,  16)  in  der  zweiten  Position  ist,  wenn  der 
Wechselstromgenerator  in  dem  zweiten  Ge- 
schwindigkeitsbereich  ist. 

2.  Stromversorgungsvorrichtung  nach  Anspruch  1,  10 
ferner  umfassend  Spannungsregulierungsmittel  (8) 
zum  Steuern  des  Generators  (1)  zum  Beibehalten 
der  Spannung  an  den  Ausgangen  auf  einer  ersten 
Spannung,  die  hoher  ist  als  die  Spannung  der  er- 
sten  Batterie  (10)  und  niedriger  ist  als  die  Spannung  15 
der  zweiten  Batterie  (12),  wenn  der  Schalter  (15, 
1  6)  in  seiner  ersten  Position  ist  und  Beibehalten  der 
Spannung  an  den  Ausgangen  auf  einer  zweiten 
Spannung,  die  hoher  ist  als  die  Spannung  der  zwei- 
ten  Batterie,  wenn  der  Schalter  in  seiner  zweiten  20 
Position  ist. 

3.  Stromversorgungsvorrichtung  nach  Anspruch  2, 
worin  der  Schalter  (15)  in  der  ersten  Position  ge- 
schlossen  ist  und  in  der  zweiten  Position  geoffnet  25 
ist. 

4.  Stromversorgungsvorrichtung  nach  Anspruch  2, 
ferner  umfassend  Spannungswandlermittel  (14), 
das  zwischen  dem  zweiten  Ausgang  (7)  und  der  er-  30 
sten  Batterie  (10)  angeschlossen  ist  zum  Wandeln 
der  Spannung  an  dem  zweiten  Ausgang  (7)  auf  eine 
niedrige  Spannung,  die  zum  Laden  der  ersten  Bat- 
terie  (10)  geeignet  ist. 

35 
5.  Stromversorgungsvorrichtung  nach  Anspruch  2, 

worin  der  Regler  (20)  Mittel  zum  Festlegen  des 
Schalters  (15)  auf  die  zweite  Position  umfaBt,  wenn 
das  Fahrzeug  gebremst  wird. 

40 
6.  Stromversorgungsvorrichtung  nach  Anspruch  2, 

ferner  umfassend  einen  dritten  AnschluB  (9),  der 
mit  der  Ankerwicklung  (2)  an  einem  Punkt  ange- 
schlossen  ist,  der  eine  Spannung  besitzt,  die  nied- 
riger  ist  als  die  Spannung  an  den  ersten  und  zwei-  45 
ten  Ausgangen  (6,  7),  wobei  die  Anordnung  derart 
ist,  dal3  der  erste  Ausgang  (6)  durch  den  Schalter 
(16)  mit  der  ersten  Batterie  (10)  verbunden  ist, 
wenn  der  Schalter  (16)  in  seiner  ersten  Position  ist 
und  der  dritte  Ausgang  (9)  durch  den  Schalter  (16)  so 
mit  der  ersten  Batterie  (10)  verbunden  wird,  wenn 
der  Schalter  (16)  in  seiner  zweiten  Position  ist. 

7.  Stromversorgungsvorrichtung  nach  Anspruch  6, 
worin  der  Wechselstromgenerator  ein  Dreiphasen-  55 
wechselstromgenerator  ist,  der  erste  bis  dritte  An- 
kerwicklungen  besitzt,  wobei  jede  Ankerwicklung 
ein  erstes  Ende  und  ein  zweites  Ende  aufweist,  die 

drei  Ankerwicklungen  an  ihren  ersten  Enden  mitein- 
ander  verbunden  sind,  urn  eine  Y-Verbindung  zu  bil- 
den,  der  dritte  AnschluB  (9)  mit  den  ersten  Enden 
der  Ankerwicklungen  (2)  verbunden  ist. 

8.  Stromversorgungsvorrichtung  nach  Anspruch  6, 
worin  der  Wechselstromgenerator  (2)  ein  Dreipha- 
senwechselstromgenerator  ist,  der  erste  bis  dritte 
Ankerwicklungen  besitzt,  wobei  jede  Ankerwick- 
lung  ein  erstes  Ende  und  ein  zweites  Ende  aufweist, 
die  drei  Ankerwicklungen  an  ihren  ersten  Enden 
miteinander  verbunden  sind,  urn  eine  Y-Verbindung 
zu  bilden,  der  dritte  AnschluB  (9)  mit  dem  zweiten 
Ende  einer  der  Ankerwicklungen  verbunden  ist. 

Revendications 

1.  Appareil  d'alimentation  en  energie  electrique  pour 
un  vehicule,  comprenant  : 

un  alternateur  (1  )  possedant  un  bobinage  induit 
(2)  et  un  enroulement  inducteur  (3)  ; 
des  premiere  et  seconde  bornes  de  sortie  (6, 
7)  reliees  au  bobinage  induit  (2)  ; 
une  premiere  batterie  (10)  ; 
un  commutateur  (15,  16)  relie  entre  ladite  pre- 
miere  borne  de  sortie  (6)  et  la  borne  positive  de 
la  premiere  batterie  (10)  et  ayant  des  premiere 
et  seconde  positions,  ledit  commutateur  ser- 
vant  a  fermer  le  circuit  entre  ladite  premiere 
batterie  (10)  et  ladite  premiere  borne  de  sortie 
(6)  lorsque  le  commutateur  est  dans  ladite  pre- 
miere  position  pour  permettre  a  ladite  premiere 
batterie  (10)  d'etre  chargee  par  ledit  alternateur 
(1  )  lorsque  la  vitesse  de  rotation  de  I'alternateur 
est  dans  une  premiere  plage  de  vitesses  ; 
une  seconde  batterie  (12)  ayant  une  tension 
superieure  a  ladite  premiere  batterie  (10),  ladi- 
te  seconde  borne  de  sortie  (7)  etant  reliee  a  la 
borne  positive  de  ladite  seconde  batterie  pour 
permettre  a  ladite  seconde  batterie  d'etre  char- 
gee  par  ledit  alternateur  (1)  lorsque  la  vitesse 
de  rotation  de  I'alternateur  est  dans  une  secon- 
de  plage  de  vitesses  superieure  a  ladite  pre- 
miere  plage  de  vitesses  ; 
la  borne  negative  desdites  premiere  et  seconde 
batteries  etant  reliee  a  une  borne  commune  ; 
et  des  moyens  de  commande  de  commutateur 
(20)  pour  obliger  ledit  commutateur  (15,  16)  a 
etre  dans  ladite  premiere  position  lorsque  la  vi- 
tesse  de  rotation  dudit  alternateur  est  dans  la- 
dite  premiere  plage  de  vitesses  ;  et  pour  obliger 
ledit  commutateur  (15,  16)  a  etre  dans  ladite 
seconde  position  lorsque  ledit  alternateur  est 
dans  ladite  seconde  plage  de  vitesses. 

2.  Appareil  d'alimentation  en  energie  electrique  selon 
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la  revendication  1,  comprenant,  de  plus,  des 
moyens  de  regulation  (8)  pour  commander  I'alter- 
nateur  (1)  afin  de  maintenir  la  tension  aux  bornes 
de  sortie  a  une  premiere  tension  superieure  a  la  ten- 
sion  de  la  premiere  batterie  (10)  et  inferieure  a  la 
tension  de  la  seconde  batterie  (12)  lorsque  le  com- 
mutateur  (15,  16)  est  dans  sa  premiere  position,  et 
afin  de  maintenir  la  tension  aux  bornes  de  sortie  a 
une  seconde  tension  superieure  a  la  tension  de  la 
seconde  batterie  lorsque  le  commutateur  est  dans 
sa  seconde  position. 

3.  Appareil  d'alimentation  en  energie  electrique  selon 
la  revendication  2,  dans  lequel  le  commutateur  (15) 
est  ferme  dans  la  premiere  position  et  est  ouvert 
dans  la  seconde  position. 

4.  Appareil  d'alimentation  en  energie  electrique  selon 
la  revendication  2,  comprenant,  de  plus,  des 
moyens  de  transformation  de  tension  (14)  relies  en- 
tre  la  seconde  borne  de  sortie  (7)  et  la  premiere  bat- 
terie  (10)  pour  transformer  la  tension  a  la  seconde 
borne  de  sortie  (7)  en  une  tension  inferieure  appro- 
priee  pour  charger  la  premiere  batterie  (10). 

5.  Appareil  d'alimentation  en  energie  electrique  selon 
la  revendication  2,  dans  lequel  I'unite  de  commande 
(20)  comprend  des  moyens  pour  positionner  le 
commutateur  (15)  sur  la  seconde  position  lorsque 
le  vehicule  freine. 

6.  Appareil  d'alimentation  en  energie  electrique  selon 
la  revendication  2,  comprenant,  de  plus,  une  troi- 
sieme  borne  (9)  reliee  au  bobinage  induit  (2)  en  un 
point  ayant  une  tension  inferieure  a  la  tension  a  la 
premiere  ou  a  la  seconde  borne  de  sortie  (6,  7),  la 
disposition  etant  telle  que  la  premiere  borne  de  sor- 
tie  (6)  est  reliee  par  le  commutateur  (16)  a  la  pre- 
miere  batterie  (1  0)  lorsque  le  commutateur  (1  6)  est 
dans  sa  premiere  position  et  la  troisieme  borne  de 
sortie  (9)  est  reliee,  par  le  commutateur  (16),  a  la 
premiere  batterie  (10)  lorsque  le  commutateur  (16) 
est  dans  sa  seconde  position. 

7.  Appareil  d'alimentation  en  energie  electrique  selon 
la  revendication  6,  dans  lequel  I'alternateur  est  un 
alternateur  triphase  ayant  des  premier  a  troisieme 
bobinages  induits,  chaque  bobinage  induit  ayant 
une  premiere  extremite  et  une  seconde  extremite, 
les  trois  bobinages  induits  etant  relies  ensemble,  au 
niveau  de  leur  premiere  extremite,  pour  former  une 
connexion  en  Y,  la  troisieme  borne  (9)  etant  reliee 
auxdites  premieres  extremites  des  bobinages  in- 
duits  (2). 

8.  Appareil  d'alimentation  en  energie  electrique  selon 
la  revendication  6,  dans  lequel  I'alternateur  (1)  est 
un  alternateur  triphase  ayant  des  premier  a  troisie- 

me  bobinages  induits,  chaque  bobinage  induit 
ayant  une  premiere  extremite  et  une  seconde  ex- 
tremite,  les  trois  bobinages  induits  etant  relies  en- 
semble,  au  niveau  de  leur  premiere  extremite,  pour 

5  former  une  connexion  en  Y,  la  troisieme  borne  (9) 
etant  reliee  a  la  seconde  extremite  d'un  des  bobi- 
nages  induits. 
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